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LABORATORY AMPLIFIER FOR AUDIO AND 
ULTRASONIC FREQUENCIES 


'rin! Tyi'E I nit 

newcHl meinhor of the Cieneral liadio 
fiiinily of Unit Inst rumen ts,' is a 
lii^lMiuality amplifier, designed for gen¬ 
eral laboratory use. It« maximum out¬ 
put p(»\ver of 3 watts is adequate for 
driving low-power trjinsducers, and its 
wide fre(|ueney range (up to 250 ke) 
maki'S it usidul as an amplifier for the 
«>utput of such oscillators as the Type 
1301-A ami the Type 1302-A or for 
pulses with rise times as short as one 
microsecond. In conjunction with a pair 
(»f earphones, it has sufficient gain for 
u.se as a null detector in bridge* nuaisure- 
ments. 

'fhe (lenend Itadio unit construction 
makers possible a low price and a small 
compact as.sembly, which (*an be boltenl 
to the Type I203-.\ I'nii Power Supply 
to form a .single imit. 

Circuit Details 

riiis amplifier takes advantage of the 
desirable characteri.stics of the .singh*- 
emled push-pull circuit to obtain low 
distortion over a wide fre(|uency range. 

*Kor othrr I'nit lu><irurn(>ntet, iwf> the Gtnrrui Hadut Er^ 

( nmmtmtfw for Muy. Ift.iO; July. Fcbruttr>', 1052; 

•Vbruury, 19.S3, umt .September, 10.53. 



Figure 1. Eiementory tchemotk circuit diagram of the 
Type 1206*B Unit Amplifier. 


I'hi.s typ<' of circuit has bet»n discu.ssed 
in jirevious articles* * and is .shown in 
basic form in Figure 1. Note that the 
upper output tube is driven from gritl to 
catluxle, not gritl to ground, and that t he 
a-c currents of both tubes add in thi* 
load, while the gritl voltages are of o|>- 
posite phase. Therefore it has true push- 
pull o|x*ration and single-endrsl output 
without the ust^ of an output trans- 
foi-mer. In a conventional push-pull 
circuit, the fretpicncy range is severely 
limited by the tmtput transformer. 

The unit amplifier was designed for 
use with the Type I203-A Unit Power 

*A. P G. Prtrnmn,*'A Nwu Pm»h-Pull .AinplififTCirruit." 
Omeral Rttdio Bjrf^rimrnler, ChSolirr, 1051, pp. 1-7 
*.\ P. G. Prttrmui nn«l I>. B. Sinrlnir. “A SitiKlr-Enih*4l 
Piiuh-Pull Atuplifi»*r ” Prw t H.K , JAOuitry. 10.52. 
Pf». 7-U 
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COYER PHOTO 

In the production of textile yams, the speeds of the processing machinery are extremely important. 
Constant speed ossures uniform quality and fewer defects in the cloth woven from the yam, while the 
maintenance of roted speeds is necessary for efficient production. 

The stroboscopic method of speed measurement is widely used in textile plants, because there is no 
mechonicol contact between machine and tachometer, so that the speed of the machine is not affected. 
In spinning and twisting operations, a complete frame of spindles con be checked quickly for proper 
speed and, at the same time, defects in the operation of the machine can be spotted by means of the 
slow-motion effect. 

This photograph shows the General Radio Strobotac*' being used to measure the speeds of spindles 
on on Atwood twister and to observe the shape of the yam balloons. 
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Figure 2. Panel view of the amplifier. 


Supply, whoso output necessarily limits 
the maximum output power of the am¬ 
plifier and the choice of tube types. Of 
the available tube types that could be 
operated from the power supply, a pair 
of triode-connected GWG-GT’s gave the 
best results. 

A 12AX7 miniature twin triode is 
used in the input stage and phase in¬ 
verter since it combines the economy of 


a single envelope with the desirable 
features of high gain and low cathode- 
heater power. It will be noted from Fig¬ 
ure 3 that the phase-inverter plate sup¬ 
ply is taken from B-f through a re¬ 
sistor to enable this stage to handle 
larger signals. A capacitor connects the 
phase-inverter plate resistor to the out¬ 
put, so that for a-c signals the circuit 
is equivalent to that of Figure 1. The 


Figure 3. Complete circuit diagram. 
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first stage has a gain of ahotit oO, and 
th(' phase inverter and output stage liave 
an (jver-all gain of about 3.5 when loaded 
with (HM) ohms. Feedback reduces thi.s 
gain by a factor of 4. Full output is ob¬ 
tained with an input signal of slightly 
le.ss than 1 volt. With no load, the gain 
is approximately 50. 

OPERATING CHARACTERISTICS 

< Miti)ut power vs. load for a total dis¬ 
tortion of 1% is shown in Figure 4 for a 
typical instrument. It can be W'en that 
the optimum load is .slightly more than 
liOO ohms. The outiml impedance would 
be about KM) ohms with no feedback, and 
it is 1(K) ohms with feedback. 

Figure 5 shows harmonic distortion 
as a function of output power for a typi¬ 
cal instrument at I kc. At 20 cycles and 
10 kc, the distortion is slightly higher, 
'rhese (‘urves are taken with the anipli- 
fier suj)plied from a Tyck 1203-A Unit 
Power Supply operating from a line 
voltage of 115 volts. 'Plie voltage out¬ 
put lOr a given distortion and load is 
roughly i)roportional to the line voltage. 

d’he intermodulation distortion in 
this amplifier is essLmtially indeiKmdent 
of the component frequencies ovTr the 
nmlio range. At 3-watts output, the 

Figure 5. Harmonic distortion os a function of output 
power at a frequency of t kc with 115*volt line. 




Figure 4. Output power as a function of load re* 
sistance for a total harmonic distortion of 1%, with 
the power supply operating from o 115-volt line. 
Points are also shown for 105-volt and 125-volt lines. 


CT’IF* quadratic intermodulation di.s- 
tortion is about 0.25%, and the cubic is 
about 0.0%. The SMPTP] intermodula¬ 
tion is shown in Figure 0 as a function 
of output power. Up to 3 watts, tlu‘ <lis- 
tortion is well Itelow the 5 % internnalu- 
lation limit usually set for high-ciuality 
amplifiei's. 

The frefpiency characteristic.s of the 
amplifier are given in Figures 7 and 8 for 
a OOO-ohm load and no load. The .solid 
curv’es are the output (meavsured with a 
peak-reading voltmeter) for a constant 
input level. At the freciuency extremes, 
distortion occui's owing to the relatively 
limited freciuency response of the pha.se 
inverter. The dashed curves givc^ the 
maximum output for an output wave¬ 
form that is not visibly distorted on a 
cathode-ray oscillograph. 

<A. P. G. Petereon, "An Audio-Frequpnoy Signal Gon- 
erator for Non-Linear Disiortion Tiwle," fimrrul Rnilu> 
Expirimtntfr, August, IO.tO. 


Figure 6. Intermodulation distortion (SMPTE method) 
as a function of output power. 



I SMPTE I I 

INTERMOOULATION 

n 1 eTrtDTinw___ 





1 1 

40c qnd 5kc 







4 

1 





































0 12 3 4 

EQUIVALENT OUTPUT IN WATTS 
FOR SINUSOIDAL SIGNAL 



lET LABS, INC in the GenRad tradition 

534 Main Street, Westbury, NY 11590 TEL: (516) 334-5959 • (SOO) 899-8438 • FAX: (516) 


























































s 


NOVEMBER. 1953 



Figure 7. Output voltoge vs. frequency with 600-ohm load. Solid curves ore for constant input level, 
dashed curves for good output waveform. 


USES 

"riio Tyi»k rnil Amplifier lia.s 

heeu fle.sigiied to give, full output with 
:i maximum input of one volt, corre- 
.‘^ponding to the output voltage of many 
el(*etr(Kieouslic and eleelro-mechanieal 
meavsuring deviecs. Thus it (‘an lx* used 
l() amplify their outputs to a level suffi- 
^ vm\t to operate graphic r(M‘orders. Typi¬ 
cal examples of these devices are the 
Tyi’K 155 1-A Sound-Level Meter, the 
"rvi’E 7t)0-H Sound Analyzer, the Type 
l55()-.\ OctavcvHand Noise Analyzer, 

tlioruliii W. (.imiMoti. **Ty|>r Toroulul TnwiM- 

furnirr." (trnrriil Hiutio firiKrimmtrr, S«*|jti»nilM'r, IU.'»0, 
lip. .VH. 


the Type 701-A Vibration Meter, and 
the Type 702-H Vibration .Analyzer. 

It is also iLseful in amplifying the out¬ 
put of the Type I39()-A Handom-Noise 
(f(*nerator for audi(Hfre(|uen(‘y t(‘sts. 

For use with load impedances other 
than (i(K) ohms, the Type 94 l-A Toroidal 
Transformer* is an excellent impedance 
matching device. With this transformer, 
load impedances from 37.5 ohms to 
UlHH) ohms can be matched to tlu* (iOO- 
ohm amplifier impedance. Frequency 
re.sponse cov(‘i-s approximately hair 
de(rad(*s. 

— IIenhy F. II \i.i. 


SPECIFICATIONS 


Pov»f#r Outpuf: With 300-volt plato supply and 
r»(K)H9im loiul: 

3 watts from 29 cycles to 50 kc. 

1.5 watts from 10 cycles to 100 kc. 

0.5 watt at 250 kc. 

Distortion: Lc8.s thafi 1% harmonic distr>rtion 
with 2 watts output (2% with 3 watts) into 000 
nhrn.s from 20 cycles to 40 kc. 

Pulso Response: No T..o:ul lUKIli 

I )n M >p in .30-cyclc square w;ivc 15% 21)% 

Appn)X. Rise time: 

50 V poak-to-pt*ak 1 /tsec. 2 /tscc, 

100 V pcak-to-peak 2 p.scc. 4 ^scc. 

Max output, peak-to-pcak 

magnitude 200 v 120 v 

Load Impedance: f>00 ohm.S optimum. Blocking 
capacitor is 100 /if. (Soun’t: imixtlanci* about 
100 ohm.S.) 

Input Voltoge: 1,4’.hs than one volt for full iK)wor 
output. 


Input Impedance: 100,000 ohms in p.andlcl with 
35 ^^f. 

Frequency Response: Essentially flat from 10 
cyclc.s to 100 kc (see piwer output specifica¬ 
tion). 

Voltage Gain: Contiuuoasly adjastahlc. Maxi¬ 
mum voltjigo gain is 50 (3*4 dh), with no loa<l. 
A-C Hum: Maximum a-c hum in out()ut with 
Type 1203-A Unit Power Supply is h‘.‘«s th.ui 
15 mv, ruis. 

Power Requirements: fi.3 VoltS, 2.7a; 300 volts, 
50 rna. Tvpk 1203-A Unit Pow<t Supply is 
rcconuncndcd. 

Power Supply: The amplifier plugs directly into 
the Type 1203-A or the Type 1204-B Unit 
Power Supply It ean be permanently attached 
with l>olts supplied to form a complete assembly. 
Accessories Supplied; MuIti|M)ini connector. 
Tubes: One r2AX7 aial two I»W0-(IT are 
.suppli<‘d. 
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Figure 8. No-iood output voltage os a function of frequency. Solid curves are for constant 
input voltage, dashed curves for good output waveform. 


Terminols;. Ittck-toi) hindiuK ixt.sts with standard Dimensions: (Width) X (hfighU i x 

*-:i-irioh spaoing, (depth) 6)4 inches, overall. 

Mounting: Blaek-crackle finished panel and sides. Net Weight: 4 pounds. 

Aluminum oover finished with clear lacquer. 

Typt _ _ Code Word _ Price _ 

1206-B Unit Amplifier. ARHOU $85.00 

1203-A 1 Unit Power Supply.| AUVK 40.00 

Pnti'itt tippliiMl fur l.u«4*nno(l uluirr {HitontA of llie A. T, and T. Co. 


"OSCILLATOR CONSIDERATIONS" 


‘‘With litomlly Ihousantls of 1^-C band 
switch oscillators in u.se throughout the 
industry, we believe it is high time, par¬ 
ticularly with the many younger en¬ 
gineer entering industry who may not 
have had experience with otlier types, to 
mention a few favorable words about the 


This article is one of the best 
and fairest summaries that we have 
seen cif the relative performance 
of bcat-frequenc}^ oscillator and 
resistance-capacitance oscillator. 
It is reprinted, with permission, 
from Lab Notes, published by Oaw- 
ler-Knoop Company, Sales F]ti- 
gineers, and was prepared by 
Clough-Brengle Company, one of 
the manufacturers whose products 
are distributed by Cawler-Knoop. 


somewhat neglected, yet definitely ile- 
serving, beat-frequency audi<i oscullalor. 

“Basic advantages of the BF<) as com¬ 
pared with the UCO might be sum¬ 
marized as follows: 

“ 1. The BFO output amplitude is con¬ 
stant throughout a frequency range of 
usually 50 cps. to 10,000 cps. and within 
0.5 db to 32 kc. It is not subject to discon¬ 
tinuity of output level resultingfrom band 
switching as is necessary with HC typos, 
since no band swntehing is necessary. 

“2. Because of insufficient overlap in 
band switching, the investigation of 
important network respon.ses occuiTiiig 
at RCO dial extremes becomes an in¬ 
convenient task. 

“3. Thermal and warm-up stability of 
the BFO is far superior to the RCO. At 
1,000 cps., a typical drift figure for the 
BFO from a cold start is in the ortler of 
10 cps. or 1%, lull, is corrected with 
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simpKr zero adjustiiuuil,, .su siirli error is 
iliininisluMl lo csserilially zero. The lU'O 
has alxmt the same drift wilh no eorree- 
l ion eontrol. At 1,000 cps. the BFO eal- 
ihralion and readability accuracy is in 
I h<* order of 1% or better, wliile tlie U( ) 
is in (he order of 2% or better. After a 
I wo-lioiir warm-up, botli the lU^'U and 
HC<) have substantially stal)ilized. Since 
BF<) freipiency drift is a constant value, 
not a constant percentage, the HFO will 
perform ev^en better at higher freciueiieies. 

^*4. A well-desigiuHl BFO will not ex¬ 
hibit frequency change with output at¬ 
tenuator setting changes. 

“o. d'he rated di.slortion value for (he 
BFO is usually of 1%, while the same 
ligure for the UCO is usually 1%. These 
figures apply only above KM) cps., how- 
ev(?r. 

“(). The BFO depends upon the stabil¬ 
ity of L rather than U. It consequently 
c‘\hibits a superior calibration perma¬ 
nence and can take advantage of the 
furt her inherent stability resulting fnmi 
a low Ij- to C-ratio. 

‘‘7. Mu<4i has been said of the lock-in 
tendencies of the BFO at low frefpiencies 
(when both high-fre(|uency oscillatoi-s 
are approaching the same frequency). 
’This problem is one of the reasons for 
BFOs to be more useful above 25 to 
50 (r])s. However, let it be said that a 
similar problem also exists with the 
KCO since the tuning capacitor must 
operate above chassis potential, which 
causes it to tend to ‘lock in' at power 
line frequency and multiples thereof. 

“8. Fairness in making a comparison 
such as this dictates the comment that 
the lU’ circuits are ideal for low-fre- 
tjuency applications, generally below 
50 cps., where tlie design problems of the 
BFO are extremely severe. 

“Beat-frequency audio oscillators are 
current ly manufactured commercially 


by < lenerai Kadit) (\)nipany (who, ly 
the way, hold the basic KC oscillator 
jiatent with 34 claims) and ('lough- 
Brengle Co.” 

Fditok’s Notk: The (ien<*ral Kudio 
Company manufactures two model.s of 
the IK’-type of oscillator and four of the 
l)eat-frequency type. Each is designed 
for superior performance in its j)articu- 
lar field of application. 

It is pos.sible, w4i(*n the application 
justifies the additional expense, to im¬ 
prove greatly the performance of the 
RC oscillator. The Typk 1301-A I.ow- 
I)islorti(Hi ().scillator, for in.stance, af¬ 
fords an excellent example of how the 
properti<‘S <»f the RC-type of circuit can 
be used to advantage. This oscillator 
.supplies 27 fixe<l frequencies between 
20 and 15,000 cycles for use as test toiu's 
in the measurement of harmoni<^ disUir- 
tion. Here, by careful design of the fri*- 
quency- and amplitude-controlling cir¬ 
cuits and through the use of higlwpjality 
components, a total hannonic di.slortion 
as low' as 0.1% is obtained with a fre¬ 
quency drift of only 0.02% iM*r hour. 

The beat-fr(’([uency oscillator has an 
outstanding advantage f<n- audiofrc'- 
(piency testing. The frei|uency-conlrol 
dial can be made logarithmic in fre¬ 
quency over a range of three decades, 
thus permitting the drive to be coupled 
directly to a recorder for the automatic 
recording of frequency-dependtait phe¬ 
nomena over a range of 20 to 20,0tM) 
cycles without range switching. The 
RC oscillator usually requires three 
bands to cover this range. 'Phis log¬ 
arithmic, wide-range, singlenlial con¬ 
trol is a feature of the Typi: 1304 Beat- 
Frequency Oscillator, which is widely 
used for measuring the amplitude-vs.- 
frequency characteri.stics of audio-fre- 
(luency equipment. 
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ELECTROLYTIC CAPACITOR TESTING AT 120 CYCLES 



(’urn'iil Kl’iTMA staridanls call for 
the measurement of eli‘elrolylie ea- 
[aicitors at 12() eyeles. As a ixvult, a 
iiumIxT c»f our customers hav4‘ riKiuestctl 
nuMlification of the Tyi»k 1(»11-A Ca¬ 
pacitance Tt‘st Bridge to pennit meas¬ 
urements at this fnxjuency. 

'rhe inclusion of a 120-cycle source 
for use over tlie entire capacitance mnge 
of this bridge would require substantial 
ami expensive alterations. Relatively 
minor and inex|>ensive changes, how¬ 
ever, make possible the use* of an ex- 
Type 

161UAS2 I Capocitonc* T«»l Bridg*. 


knial 120-cycle source for measuri*- 
menU with the upper four multipliers of 
the bridge. Tht*se multipliers cover the 
range from l/J to 11,(K)0 ^f, and are thus 
appropriate for electrolytic capacitoi-s. 

As indicated in the accompanying 
schematic diugnim, the 120-cycle meas¬ 
uring voltage is applied in series with 
the external d-c polarizing voltage nor¬ 
mally require<l for elwtrolytic capacitor 
testing. Since the d-c supply is groundcMl. 
the test voltage must Ik* supplie<l 
through an isolation transformer, whi«*h 
can also serve to match the low imped¬ 
ance of the bridge (from a few ohms 
to a few thousand ohms) to the 120- 
cycle source. 

Tuning of the cletector to 120 cycles 
is provided, as is a jack to |H*rmit con¬ 
nection of a resonant circuit externally, 
for measurements at frequencies other ^ 
than (>0 cyclf*8 or 120 cycles. 

The dissipation factor range is di¬ 
rectly proportional to the test frequency; 
thus at 120 cycles the range of the l)ridge 
becomes 0% to 120%. The? tlissipatiou 
factor accuracy is -h (2% of dial reading 

-f 0.05% X 

IK) 

'Fhe m<Klifi<‘ation d(*scrilH‘d is desig¬ 
nated as Tvi*k 101 1-AS2. 

Cttde Word Price 

. .I $525.00 


GENERAL RADIO COMPANY 

275 MASSACHUSETTS AVENUE 

CAMBRIDGE 39 MASSACHUSETTS 

TELEPHONE: TR owbridte 6-4400 
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